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EDITORIAL NOTE. 


T is with deep regret that we announce to the readers of the 
| JourRNAL the death of Mr. George Edward Curtis, whose 
name is familiar to all in this country, as well as in other coun- 
tries, who have followed the progress of American meteorology 
during the past ten years. Prof. Cleveland Abbe has prepared 
the following notice of Mr. Curtis’s life and work, and Mr. 
Oliver L. Fassig the list of Mr. Curtis’s scientific papers. 

Mr. Curtis was always an enthusiastic supporter. of this 
JouRNAL, and a glance at the bibliographical list will show how 
many of his scientific writings were prepared for this magazine, 
and published in it. His last contribution to our pages was his 
review of Dr. Gustavus Hinrichs’ “ Rainfall Laws,” in the April, 
1894, number. A letter from him, under date of Dec. 6, 1894, 
from Colorado Springs, which was the last communication we 
received from him, contained the following passage: ‘I have 
reached, I think, a very clear conception of the respective con- 
ditions under which dew is condensed from the atmosphere or 
deposited from the moisture rising from the soil, which leaves 
no room for any controversy.” In reply to this letter of Mr. 
Curtis’s we wrote to ask him to prepare a paper on the forma- 
tion of dew for this JOURNAL. 

In the death of our friend we feel that the science of meteo- 
rology has lost a sincere and painstaking worker, and the Jour- 


NAL a stanch and reliable supporter. 
I 
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GrorGE Epwarp Curtis, born in Birmingham (now Derby), 
Conn., July 8, 1861, died in Washington, D. C., Feb. 5, 1895. 

Among the young men who have devoted themselves to mete- 
orology, none was better prepared to do useful work than Mr. 
George E. Curtis, and his early death is a distinct loss to Ameri- 
can science. He was ranked as the best mathematician in the 
class that graduated from Yale College in 1882, and his enlist- 
ment soon after in the Signal Corps, for special work in 
magnetics bearing on the Arctic work of the year 1882-3, was 
especially agreeable to General Hazen who confidently hoped 
that college graduates would add to the lustre of the Service. 
During the greater part of his term of service Mr. Curtis was 
attached to the Study Room as one of my assistants, and his 
work merits my highest praise. Being well grounded in me- 
chanics, mathematics, and languages, of a critical, accurate and 
logical mind, and always delighted to attack new problems, he 
proved himself a most valuable addition to our force. The 
“Treatise on Meteorological Apparatus and Methods” owes 
much of its accuracy to Mr. Curtis, and I should have been glad 
to have had his name associated with my own on the titlepage. 

After leaving the Signal Service in 1887, Mr. Curtis became 
assistant professor of Mathematics in Washburn College, To- 
peka, Kan., and the next year he entered upon the work of the 
Irrigation Department of the U. S. Geological Survey. This 
work was not only very congenial to his tastes as an application 
of hydro-dynamics, but also served to keep him in the elevated 
dry Rocky Mountain regions, for he already felt the inroads of 
tuberculosis. Having been much benefited by two years of 
residence in Kansas and Colorado, he returned to Washington 
in 1889, full of hope, and entered the service of the Smith- 
sonian Institution. Being perfectly familiar with all that had 
been done in aero-dynamics, he was specially useful to Prof. 
Langley, whose memoirs of “Aerodynamics” and “Internal 
Energy of the Wind,” owe much to Mr. Curtis. At this time 
Prof. Curtis compiled a new edition of the Smithsonian Meteoro- 
logical Tables and was pleased to be again associated with me 
in establishing a course of instruction in meteorology in the 
Columbian University of this city. As, however, his strength 
soon again failed, the last year of his life was spent in Colorado, 
New Mexico, and Arizona, and he returned to Washington only 
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in time to see his friends before breathing his last. He leaves 
us a valued legacy of good works and kind deeds; his contri- 
butions to science are highly appreciated; his conscientious 
devotion to the truth in all matters of literary and scientific 
honesty was such as always characterizes those who enjoy the 
deepest and truest sympathy with Nature and her laws. 


CLEVELAND ABBE. 


LIST OF SCIENTIFIC PAPERS BY GEORGE EDWARD 
CURTIS, 1884-1894. 


1. ON THE RELATION BETWEEN NORTHERS AND MAGNETIC DISs- 
TURBANCES AT HAVANA. U. S. Signal Service Notes. No. xiii. 8vo. 
Wash., 1885. 16 pp. 

2. EFFECT OF WIND CURRENTS ON RAINFALL. U. S. Signal Service 
Notes. No. xvi. 8vo. Wash., 1884. II pp. , 

3. REDUCTION OF BAROMETER READINGS TO LATITUDE 45°. (With 
Prof. C. Abbe.) U. S. Monthly Weather Review, Wash., Feb., 1885. 
Pp. 31. 

4. LIEUTENANT LocKwoop’s EXPEDITION TO FARTHEST NORTH. 
Bulletin Philosophical Society, Wash., ix., 1886. pp. 8-12. 

5. TORNADO PREDICTIONS AND THEIR VERIFICATION. Amer. Mete- 
orol. Jour., Ann Arbor, iv., 1887-88. pp. 68-74. 

6. THE THEORY OF THE WIND VANE. Amer. Jour. Science, N. 
Haven, xxxiv., 1887, pp. 44-52. Amer. Meteorol. Jour., Ann Arbor, iv., 
1887-88. pp. 215-224. 

7. THE TRANS-MISSISSIPPI RAINFALL PROBLEM RESTATED. Amer. 
Meteorol. Jour., Ann Arbor, v., 1888-89. pp. 66-79. 

8. SucTION ANEMOMETERS. Amer. Meteorol. Journal, Ann Arbor, v., 
1888-89, pp. 193-209, 8 figs. 

9. THE RAINFALL AT FT. LEAVENWORTH, Kansas. Science, N. Y., 
xii., 1888, pages 10,11. Amer. Meteorol. Jour., Ann Arbor, v., 1888-89, 
pp. 232-236. 

10. Is THE RAINFALL INCREASING ON THE PLAINS? Science, N. Y.,” 
xi., 1888, p. 194. . 

11, Lizut. LocKwoop’s ASTRONOMICAL OBSERVATIONS ON THE 
NortTH COAST OF GREENLAND. In Report on the Proceedings of the 
United States Expedition to Lady Franklin Bay, Grinnell Land. 4to. 
Wash., 1888. Vol. ii., append. 135, pp. 61-64. 

12. ROBINSON’S THEORY OF THE ANEMOMETER, AND THIESEN’S 
THEORY OF THE ROBINSON CUP ANEMOMETER. In Treatise on meteor- 
ological apparatus and methods by Cleveland Abbe. Ann. Report of the 
Chief Signal Officer for 1887, pt. ii. 8vo. Wash, 1888. pp, 276-300. 

13. DEW-POINT TABLES. Amer. Meteorol. Jour., Ann Arbor, v., 
1888-89. pp. 477-478, 480. 
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14. AN ELECTRIC STORM. Amer. Meteorol. Jour., Ann Arbor, vii., 
1890-91. pp. 392-393. 

15. WHO SOLD HIS WHEAT FOR $1.40? OR AN EXAMINATION OF 
THE VALUE OF BLAKE’S TABLES. Proc. 19th Annual Meeting, Kansas 
State Board Agric., Topeka, 1890. pp. 150-155. 

16. AN ACCOUNT OF THE PROGRESS IN METEOROLOGY FOR THE YEAR 
1889. In Smithsonian Report for 1889, pp. 205-285. 8vo. Wash., 1890. 

17. THE HoT WINDS OF THE PLAINS. In Seventh Biennial Report, 
Kansas State Board of Agric. 8vo. (Topeka, 1891.) 22 pp. 

18. ARTIFICIAL RAIN-MAKING. Western Christian Advocate, Cincin- 
nati, Ohio, Sept. 24, 1891. 

19. RAIN-MAKING IN TEXAS. Nature, Lond., 1891, xliv., p. 594. Na 
turen, Bergen, xv., 1891, pp. 379-381. 

20. THE FACTs ABOUT RAIN-MAKING. Engineering Magazine, N. Y., 
iii., July, 1892. pp. 540-551. Amer. Meteorol. Jour., Bost., ix., 1892-93, 
pp. 276-279. 

21. ANALYSIS OF THE CAUSES OF RAINFALL WITH SPECIAL RELA- 
TION TO SURFACE CONDITIONS. In Forest Influences. Bull. No. 7. 
Forestry Division, U. S. Dept. of Agriculture. 8vo. Wash., D. C., 1893. 
Append. 2, pp. 187-191. Amer. Meteorol. Jour., Bost., xi., 1893-94, pp. 
274-282, 444. 

22. SMITHSONIAN METEOROLOGICAL TABLEs. [ Prepared by Mr. 
George E. Curtis under the direction of the Secretary of the Smithsonian 
Institution.] Misc. Collections, No. 844. 8vo. Wash., 1893. lix., 262 pp. 

23. A PROBLEM IN MECHANICAL FLIGHT. Annals of Mathematics, 
Charlottesville, Va., Vol. viii., No. 6, 1894. pp. 165-175. 

24. WINDS INJURIOUS TO VEGETATION AND Crops. In Report of 
Chicago Meteorological Congress, August, 1893, pt. ii. 8vo. Wash., D.C., 
1894-95, PP- 435-444. 

25. The meteorological and climatological definitions of the Century 
Dictionary from M to Z were written by Mr. Curtis. 

26. Prof. S. P. Langley, Secretary of the Smithsonian Institution, in 
the preface to his memoir on “ Experiments in Aerodynamics” ( Smithson- 
ian Contributions, No. 801. 4to. Wash., 1891), acknowledges his obliga- 
tion to Mr. Curtis for most efficient aid in the final computations and reduc- 
tions involved in the preparation of his memoir. 


THE CAUSE OF CYCLONES. 


PROF. DR. A. WOEIKOF. 


N a paper published in the February number of this JouRNAL 
Mr. W. H. Dines touches on the controversy of Ferrel and 
Hann on the cause of cyclones. I will consider two points 
mentioned by Mr. Dines, which he considers as militating 
against the hypothesis of Hann. Firstly, he considers ¢hat in 
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calm, anticyclonic weather mountain tops are warmer than the 
surrounding air (p. 362.) Just the contrary is the case, as was 
shown by an ascent from Munich on the t1th of December, 
1890, during an anticyclone.* 


HeicutT, M. Time. TEMPERATURE, C. 


993 Peissenberg — 7.9 
1730 Wendelstein 2 P.M. — 3.8 
1776 Schafberg — 4.0 
1605 Balloon 1.50 P.M. — 0.5 


1790 Rigi —1.8 
1253 Gabris i aes pte 
1718 12.33 P.M. 0.4 
1938 } Balloon 1.12 P.M. — 0.4 
1605 1.33 P.M. 0.2 


This is a result to be expected. In calm, clear weather in 
winter, the radiation from the surface of the snow cools the 
surrounding air even on an isolated mountain, while in free air 
there is no such cooling. 

Secondly. Much more important is another point. I cite 
again textually: “A simple calculation shows that the latent 
heat set free by the condensation of sufficient moisture to pro- 
duce a few hundredths of an inch of rain will, if it take the form 
of kinetic energy, be sufficient to produce a most violent storm.” 
(p. 363). A former paper by Hannf bears on the question. 
He determined the influence of strong rains of at least 10 mm. 
(2 of an inch) during the first hour at Batavia, Java, in the three 
years 1866, 1867, and 1868. 

CasEs. MEAN RAINFALL IN MM. PER Hovr. 
1 hour. 2 hours. 3 hours. 


Day (9 A.M.—9 P.M.) 4! 17.9 II.1 5.2 
Night (9 P.M.—9 A.M.) 32 12.2 12.3 7.6 


HEIGHT AND CHANGES OF THE BAROMETER (mm.). 
BEFORE THE RAIN. Durinc THE Rain. AFTER THE RAIN. 
2 hours. 1 hour. 1 hour. 2 hours, 3 hours. 1 hour. 2 hours. 


Day. 758.65 -+0.16 +0.23 +0.07 —0.07 —0,.08 —0.04 
Night. 759.19 -+0.07 +0.14 +0.03 +0.07 —0.10 +0.03 
Mean. 758.92 -+0.12 +0.18 +0105 0.00 —0,09 —0.0i 


Thus, far from causing a diminution of pressure, the rains 
caused arise, and rains of such violence (7. ¢., such a quantity 


* FAHRT DES BALLONS “ MUNCHEN,” Zeitschr. f. Luftschiffahrt, 1892, No. 6. 
+ Zeitschr. d. Oesterr. Ges. f. Met., 1874, p. 291. 
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falling during an hour) that they are seldom experienced in 
middle latitudes, especially in winter, which is the time of the 
most violent cyclones. Hann has taken separately thirteen 
cases of strongest rains (more than 20 mm. in the first hour) 
and found the mean pressure two hours before, 758.58 mm., 
rise 0.14, 0.17,and 0.12 to the end of the second hour after the 
rain began. It must be added that the mean daily oscillation 
of the barometer at Batavia is 2.7 mm. 

At the time Hann wrote his paper, observations were made 
at Batavia only in the Malay Archipelago. Since then a close 
net of rain stations has been spread out, and I found that on 
many days there was rain on a very extensive area.* 
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And yet, as is well known, cyclones are not existing on the 
Malay Archipelago. 

In India, apart from the rare great cyclones which only visit 
the coast and soon die out inland, the late Mr. Blanford has dis- 
covered very small so-called land cyclones causing the more 
copious rainfall of the monsoon season. Enormous amounts of 
rain fall simultaneously on the plains of Northern India, and the 
pressure at the centre of the land cyclones is scarcely 3 mm. 
below the surrounding. Why are there no storms in Northern 
India during the rains, except very moderate gradients and mod- 


*See my paper, Regen des Malayischen Archipels, Zeitschr. Oesterr. Ges. f. 
Met., 1885, 113, 261, 250. 
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erate winds ? Why is the latent heat set free by the condensation 
of moisture sufficient to produce a few hundredths of an inch of 
rain sufficient to produce a most violent storm, and yet in India 
the latent heat set free by the condensation of many inches of 
rain, and this over many thousands of square miles at the same 
time, does nothing of the kind? 


St. PETERSBURG, RussIA, March, 1895. 


METEOROLOGICAL PROBLEMS FOR PHYSICAL 
LABORATORIES. 


PROF. CLEVELAND ABBE. 


a response to several requests from both teachers and stu- 

dents for suggestions as to problems in meteorology that 
can be taken up in physical laboratories, especially as theses 
for the degree of Ph.D., I submit the following first list of 
subjects. Any one at all conscious of the imperfect state of 
human knowledge will recognize that meteorology presents 
numerous problems for students of every taste and talent. The 
devotee of pure mathematics will find abundant work in the 
dynamics of the atmosphere (see this JourNAL, Vol. IX., p. 
325 and Vol. XI., p. 15). The climatological computer will 
devote himself to statistical researches, and for such I have 
indicated numerous problems in the annual report of the Chief 
Signal Officer for 1881, pp. 1257-1261. The observer will find 
new lines of work opening up in almost every branch of the 
science ; if he has patience enough to carry out an hourly series 
of observations of any phenomenon whatever, long enough to 
determine diurnal periodicity, or a daily series long enough to 
determine annual and secular periods, he will have conferred a 
boon upon our science. There are certain classes of observa- 
tions, such as those at great heights, made on mountain tops or 
by means of balloons or kites, that promise a rich addition to 
our stock of knowledge, so that there is here a field of work for 
the wealthy patron of science. Equally important, and even 
more pressing, is our need of minute observations of great 
precision on shipboard in mid-ocean; marine meteorology has 
been left too much to the sailor, the quartermaster, and the 
ship captain, all of whom study it from one point only, namely, 





§ The American Meteorological Fournal.  [May, 1895. 


the navigation of the ship, and are too busy, and too little pre- 
pared by study, to take the wider view of the meteorologist and 
physicist. It will be a bright day for our science when every 
vessel of the merchant marine carries a well-trained special 
observer, and when the millionaire owners of private yachts 
invite students of meteorology to accompany them in their 
cruises, or when, instead of laying up their yachts for the season, 
they dedicate them for a few months to special studies in marine 
meteorology and ocean physics. As those who love the land 
have honored themselves by equipping observatories with tele- 
scopes to penetrate the celestial depths, why may not those who 
love the ocean distinguish themselves by equipping moving 
observatories to dredge the depths of the water below us or 
study the air and the storms above us? A cruise devoted to 
the exploration of the air and ocean in the equatorial belt of 
calms, on the Atlantic or the Pacific, would be a novel and very 
important work ; the personal discomfort of a prolonged life in 
that sweltering climate would not deter the enthusiastic mete- 
orologist from this enterprise. 

The physical laboratories of our universities are generally 
supplied with means for studying problems in light, sound, heat, 
and electricity ; a very few have some conveniences for study- 
ing hydro-dynamics ; but still fewer have the means for studying 
aero-dynamics ; and yet, it is to these physical laboratories and 
their professors and students that the meteorologist looks to 
begin the work that will lead to an experimental knowledge of 
the phenomena and motions of the atmosphere. It is for the 
young physicist and candidate for the degree of Ph. D., that I 
have written out the following list of problems (for some 
of which I am indebted to Prof. C. F. Marvin) that demand 
immediate attention in view of current discussions in meteoro- 
logical journals. It is, of course, advisable for one to acquaint 
himself with the literature and present condition of our knowl- 
edge of any one of the general subjects suggested in the following 
list before he enters upon special investigations, and to this end 
the card bibliography, compiled by Mr. O. L. Fassig, will be 
found very useful. 
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SUBJECTS FOR EXPERIMENTAL INVESTIGATION. 


1. The internal sensitiveness of thermometers, or the length of time 
required to bring the top of the thermometer column to the proper reading 
when the external surface of bulb and stem is kept at a constant tempera- 
ture below, or above, some initial temperature. 

2. The influence of the wind on the pressure within a room, or other 
closed space, containing a barometer. 

3. The influence of the condition of any surface ( as to chemical nature, 
cleanness, and dust ) upon the deposition of dew and the determination of 
the dew-point. 

4. The behavior of the wet-bulb thermometer, when covered with water, 
in an atmosphere of water vapor and of ice vapor. 

5. The influence of radiant heat on wet bulbs covered with ice or water. 

6. The increase of the reading of the wet-bulb thermometer due to any 
compression that may result from the formation of the ice film on the muslin 
covering ; its dependence on the muslin rather than on the ice. 

7. The determination of the tension of water vapor and ice vapor at and 
below freezing. 

8. The rate of diffusion of ice vapor as distinguished from aqueous va- 
por and also the rates of evaporation from ice and water at the same tem- 
perature. 

7. The condensation of vapor in a region free from solid nuclei, and after 
the temperature has been reduced to, or below, the point of saturation so 
that the vapor is in a state of unstable equilibrium. 

10. The change that can be produced in the pressure and temperature of 
a confined volume of dust free “ dry saturated ” steam or other vapor by the 
introduction of dust particles having various chemical and physical proper- 
ties. This is the secret of the action of the “cloud engine ” of Montgomery 
J. Storms. 

11. Invention of improved and practical methods of obtaining the mois- 
ture contents of the air — especially at low temperatures. C. F. M. 

12. Invention of recording thermometers, barometers, and hygrometers 
adapted by their accuracy, their extreme lightness, and the quickness with 
which they respond to atmospheric changes, to be carried up by balloons and 
by kites in investigations into the condition of the higher atmosphere. C. 
F. M. 

13. The development and perfecting of the art of constructing and flying 
kites with a view of rendering this practically applicable in investigations of 
the condition of the atmosphere at moderate elevations. C. F. M. 

14. Invention of improved and practical devices for the registration of 
sunshine and cloudiness, both day and night. C. F. M. 

15. Invention of devices recording exactly the beginnings and endings, 
amounts and rates, of precipitation, etc. C. F. M. 

16. Explanation of the formation of ice-needles in gravelly soil and de- 
termination of the amount of heat and moisture retained at the earth’s sur- 
face by this formation. 
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17. Explanation of the origin of the hollow tubes in the ice-needles and 
the similar hollow tubes in snow crystals and the analogous holes in hail- 
stones. 

18. The connection between atmospheric conditions and the formation 
of snow crystals of different shapes and sizes. 

19. The radiating and conducting powers of layers of snow freshly fallen 
or old and granulated. 

20. The radiation and absorption of heat by dustless, dry air, and also 
by ordinary atmospheric air containing dust and vapor or ice particles. 

2t. Investigation of the formula for computing the velocity and the pres- 
sure of the wind from various forms of anemometers, especially the whirling, 
the pressure, and the suction anemometers. 

22. Invention of the most convenient and cheapest form of nephoscope 
for determining either direction or velocity, or both these elements of the 
motion of the clouds. 

23. Investigation of the correction to be made to the record of the ordi- 
nary cylindrical rain and snow gauge for the effect of the wind in drifting 
the rain, and especially the snow. 

24. Study of the temperature of the soil at different depths from the sur- 
face-layer down to three feet and under different conditions, as to moisture- 
content, sunshine, and wind. 

25. Invention of better methods of determining at any moment the tem- 
perature and moisture at any depth in the soil. 

26. Determination of the quantity of water evaporated from natural sur- 
faces, especially ocean water, ice or snow, fresh water, and forests or 
cultivated fields, and its relation to humidity, temperature, and wind. 

27. Improvements in the actinometer and a series of determinations of 
the amounts of heat received at any point, both from the sun directly and 
from the clouds and the atmosphere by reflection or radiation. 

28. Observations of the polarization and the intensity of blue sky light 
and comparison with optical theories. 

29. Instrumental methods for recording some of the various chemical ef- 
fects directly produced by solar radiation, and which are of special import- 
ance in the growth of plants, the decomposition of the soil, and the purifica- 
tion of water. 

30. A series of determinations or, still better, a continuous record of the 
simultaneous differences of electric potential between the earth’s surface, 
and several points in the free atmosphere, one hundred feet apart, vertically, 
meridionally, and prime-vertically. 

31. A-similar series for several points beneath the earth’s surface as to 
their electro-magnetic condition, and a correlation of the distribution of 
electric conditions with the electric currents in the air and the earth. 

32. A study ofthe scintillation of the stars and its relation to atmospheric 
conditions. 

33- A study of the apparent acoustic opacity of the atmosphere at 
certain places and times. 

34. An explanation of the sounds attending large erolites, and an 
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explanation as to what may be learned therefrom regarding the upper 
atmosphere and in regard to the improvement of fog signals. 

35. Astudy of the formation of halos, parhelia, and corona, by the action 
of snow crystals and water-drops on sunlight. 

36. Investigation of the first step in the process of convection, as it 
occurs in the free atmosphere by which small currents of warm air, rising as 
slender rolls and whirls, mix with the cooler air, and are broken up within a 
few feet of the earth’s surface; a determination of the limit at which such 
convection becomes inappreciable. 

37. Astudy of the larger convection currents, their relation to the hori- 
zontal motion, the extent to which they retard and accelerate the motions or 
increase and decrease the pressures in the upper and lower strata. 


WASHINGTON, D. C., March 1, 1895. 


LONG RANGE WEATHER FORECASTS. 
PROF, H. A. HAZEN. 


HE late Dr. Welling, President of Columbian University, 
once declared that the true test of advancement in a 
science lay in its increasing ability to make successful predic- 
tions. The discovery of recurring periods in the weather, or of 
an invariable influence from certain meridians on the sun, or 
from the moon or planets, that would enable one to make a 
forecast of coming weather a week, a month, or years in advance, 
would undoubtedly be one of the greatest boons that could be 
conferred on mankind. There are already more than a half 
dozen weather prophets, in this country alone, who are putting 
forth extraordinary claims of having made such a discovery. It 
has been found impossible to pin these men down to either 
definite forecasts or definite and fixed rules of verification. As 
a consequence we have the remarkable instance of two weather 
prophets making exactly opposite forecasts (that is, the storm 
days of one are the bright days-of the other), and yet each 
claiming a perfect verification of his own prediction. It is not 
difficult to explain why this should be. One verifies in one part 
of the country where there is a severe storm, and the other 
chooses a spot where the weather is bright and clear. 
In general, successes are heralded far and wide and failures 
are ignored. I have hit upon a method of verification of long 
range forecasts that I feel sure will commend itself to every 
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student of the subject and will enable a determination of the 
skill of a forecaster on any principle of verification that he him- 
self may select. One of the chief difficulties met with in verify- 
ing the better class of such forecasts has arisen from a demand 
that the principles of verification shall be very lenient towards 
the forecaster. The plan of verification I propose will exactly 
meet all such demands. In one case it was claimed that while 
the crests and hollows of the temperature forecast did not coin- 
cide exactly with the actual resulting temperature, yet when an 
allowance of twenty-four hours before and after the crest or 
hollow was made the verification was one hundred per cent! 
Since the forecast frequently covered three days and our waves 
of temperature are very rarely more than four or five days apart, 
it is easy to see how such a result could be had for a limited 
time. 

It is essential that forecasts be made for every interval chosen 
in the first instance. That is, if it is said “the temperature 
will rise Tuesday morning and evening and then begin to fall 
reaching a minimum Thursday morning,” a forecast must be 
made, or supplied, for every period of twelve hours. The more 
definite the forecast the greater is the necessity for this. If 
this is not done we will be in danger of ignoring a sharp wave 
of temperature which happened to come just between two fore- 
casts. Ofcourse this necessity would be obviated by making 
the period of any forecast greater than twelve hours. 

My plan is to accept any rule of verification desired, then to 
verify the forecast as made, and, after that, verify the same 
exactly reversed, that is, for warmer, verify as though the fore- 
cast had been colder, etc. The significance of this plan will 
readily manifest itself. If the verifications by these two systems 
were nearly the same it would show that the forecaster had no 
real knowledge of future weather for he could have just as well 
said the exact opposite and had the same result. If the fore- 
caster really had any insight into the future weather then a 
reversal would invariably give a less percentage than the direct 
forecast. To bear out the views here expressed, I will give two 
rather remarkable series of forecasts that have recently come to 
my attention. Inthe first case, the forecasts were for twenty- 
four hours, and in the second case, they were for twelve hours. 
The total number of forecasts were thirty-two, and four hundred 
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clearly the situation I will give in these two tables the forecast 


veversed. The forecasts are for temperature, and there are three 
conditions specified, that is, warmer or warm (w), cooler or cool 


The actual temperature conditions I 


have placed in larger type against each forecast. 


(c), and stationary (s). 


This system 


will enable a very easy and rapid comparison according to any 


scheme of verification that may be proposed. 
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TABLE II. 








F.R. T. F.R. T. F.R. T. F.R. T. F.R. T. 


F.R. T. F.R. T. F.R. T. F.R. T. F.R. T. 
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*In these tables F.R. stands for forecast reversed. 


T. stands for temperature experienced. 


C, stands for cooler or cool. 


W. stands for warmer or warm. 


S. stands for stationary. 
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The forecasts in Table I., made for a whole month in advance, 
have been verified for an exact accordance between the rests 
and hollows and have given twenty-four per cent for the regular 
and forty-nine per cent for the reversed forecast. Verified for 
one day before and after, the percentages are sixty-four and 
seventy-six, respectively. Verified for only the positive fore- 
casts, namely, (w) and (c) they are thirty and seventy, respect- 
ively. These figures are very astonishing, and show that the 
forecaster hit upon a very bad month in which to show his 
skill. 

I have verified the forecasts in Table II., made a week ahead, 
in the same way with the following results : — 


REGULAR. REVERSED. 
Exact crests and hollows . . . . . . 29% 36% 
Twelve hours before and after . . ° . 52% 
Twenty-four hours before and after . : : ; 73% 
Positive forecasts (w.) and (c.) ° . , ; 44% 


Here again we have the singular result that a statement just 
opposite to the forecast would give a better verification by any 
system. This would seem a crucial test in the case of Table 
II., for here we have forecasts for nearly seven months, and the 
addition of any number of months might serve to bring the per- 
centages a little nearer each other but could not change the 
general result. In these two cases there certainly is no knowl- 
edge of future temperature conditions, and it would be of great 
interest to apply the same test to other forecasts. It is much 
to be hoped that others may be led to study these tables and to 
express their views. The time has passed for ignoring such 
efforts, since they are now being attempted by scientific men, 
and not merely by so-called weather cranks. 
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TOPOGRAPHIC INFLUENCE ON THE WINDS OF THE 
WEATHER MAPS.* 


FRANCIS BEACH WHITE. 


HE weather maps frequently show erratic winds having no 

dependence on the barometric gradients charted with them. 
It may be of interest to readers of the JouRNAL to have a brief 
statement of some of my results in investigating these winds 
This article will be an abstract of a paper read before the New 
England Meteorological Society at the meeting of January last. 
It is not practicable to publish here either my tables or contour 
maps illustrating the topography referred to; the latter should 
be at hand for reference in connection with this paper. 

The action of land and sea breeze is well shown at Savannah, 
Ga. I have used the observations for four Augusts [1878, 1879, 
1887, 1888] and the following figures show the night winds and 
the day winds in accordance with the early morning and the late 
afternoon observations, respectively. The weather-map gradi- 
ents are placed under the winds which they would cause inde- 
pendent of local gradients, allowing for deflection. 


NicHT WIND (the figures are percentages). 


WIND { I NE E SE s SW w NW CALM 
10 18 6 3 9 «685 13 I 5 
1 18 15 5 12 19 7 6 17 


GRADIENT 
SE s Ww NW N NE E INDEFINITE 


Day WIND. 


WIND { N NE E SE s sw CALM 
7 2 12 15 40 13 3 I 


GRADIENT 5 5 13 ” 16 19 na 23 
SE s sw Ww NW N NE E INDEFINITE 


The disparity in the figures shows that the weather-map 
gradients do not account for the direction of the winds. The 
maximum of southwest winds in the night becomes a maximum 
of south winds in the day. The night winds are 49% southwest 
and west ; 11% south and southeast. The day winds are 20%, 


* Read before the New England Meteorological Society, at Boston, Mass., Jan. 
27, 1894. 
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southwest and west ; 55 south and southeast. East winds are 
twice as frequent by day as by night; west winds about twice 
as frequent by night as by day. 

Thus the topographic influence on the winds at Savannah is 
well marked. The tendency to land and sea breeze, although 
not strong enough to override the cyclonic circulation, except 
in a few cases, causes the prevailing wind to back from south- 
west by night to south by day, pushing it westward, as it were. 
A distinct, though less prevalent, effect is the increase of west 
winds by night, and of east and southeast winds by day. 

The table of February winds contradicts the facts noted in 
August; so, as we would expect, the diurnal effect on the 
cyclonic winds is confined to the hot season, at Savannah, de- 
pending, as it does, on the wide variation in the relation of land 
and sea temperatures. 

I was not able to correlate the diurnal influence with the con- 
dition of the sky ; and concluded that the momentary obser- 
vations did not show the prevailing states of clearness or 
cloudiness. 

Turning from Savannah with its land and sea breeze to 
inland stations where we may expect slope winds, we find a 
good illustration in Cleveland. Cleveland, on the southern 
shore of Lake Erie, lies at the foot of a northward slope, and we 
find the night winds prevailingly south winds, that is, down the 
slope ; whereas the day winds are prevailingly north winds, up 
the slope. This is true both of August * and February,} but is 
more strongly marked in August. 

Thus my tables show, for the night winds in August, maxima 
of 24% south winds, and 24% southeast, while there are only 
10% north and 4% northwest ; whereas the day winds have a 
maximum of 34% north, a secondary maximum of 29% north- 
west, while there are only 12% south and 2% southwest. 

The slope tends rather northwest than due north, and it may 
be that the south and north winds are caused by the deflective 
force acting to the right. 

The observations at II P. M.and I A. M. give, as we expect, 
an intermediate condition. My tables show a maximum of 
south winds, 30% ; east winds secondary, 23% ; north winds, 
21%. This points to the setting in of the down-slope wind 


*The Augusts of 1878 and 1879. t The Februaries of 1877 and 1878. 
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usually by midnight, although the day wind may persist longer. 
The great increase in the number of east winds may be due to 
the diurnal wind veering. Here, as in the case of Savannah 
for which I gave the figures, the weather map gradients fail to 
account for the direction of the winds. 

In February the case is about the same, but less strongly 
marked. The night winds have a maximum number southeast, 
21% ; but with a strong secondary of north winds, 19%. The 
maximum is more striking, considering that only 2% of the 
weather map gradients are west; and the contradictory north 
winds have more than a third of their number occurring on 
southeast gradients, of which there are 12%. The February 
winds throughout conform much more closely to the barometric 
gradients than do the August winds. Naturally, the cyclonic 
control of the winds is asserted in the winter and the diurnal 
control in the summer. 

How far the situation on the shore of the lake affects the 
winds at Cleveland, I cannot say. The stronger diurnal effect 
in August may be in part due toa land and sea breeze. This 
supposition is countenanced by the Denver (Colorado) winds, 
which show almost equally strong diurnal effects winter and 
summer. 

At Denver, in February * the night winds have a very strong 
maximum from the south, 46% ; secondary maximum is 19% 
north winds. The day winds show a maximum from the north, 
23%, with the secondary maximum 15% northwest winds (8% 
only are south). 

In August f the night winds are 50% south winds; the next 
most frequent are northwest winds,14%. The day winds are 
40% north ; the next most frequent, northwest, 31% (6% only 
are south). Thus the diurnal influence is seen to be somewhat 
stronger in summer than winter; but it is very decided in 
winter. 

The observations at 10 and 11 o'clock at night show a con- 
dition intermediate between the day and the night winds, when 
they become thoroughly established at the end of those periods. 
A maximum of south winds is by that time established both in 
February and in August. 

Reference to a contour map will show Denver lying at the 


*The Februaries of 1878, 1887, 1888. + The Augusts of 1878, 1887. 
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western side of a plateau which descends gently northward. 
To the west of the city the mountains rise abruptly. The 
gentler slope of the land northward seems to control the winds ; 
it may be, however, the steep eastward slope of the mountains 
to the west of the city gives the effect seen in the east and west 
winds which have a tendency to be more frequent respectively 
by day and by night. In the case of Denver, as in the case of 
Savannah, the condition.of the sky did not show connection 
with the diurnal winds. A longer series of observations might 
show a relation between them. 

We have now three typical cases before us. One more is 
important — mechanical control of the winds by the topography. 
The irregularity of the winds at Pittsburgh (Penn.), is well 
known. The situation of the city in the fork of river valleys, 
with high land around it, is one which might be expected to 
balk the winds there. After giving the table of barometric 
gradients for Savannah to make it evident that they were not 
responsible in any degree for the diurnal winds, I thought it 
unnecessary to dwell on the irregularities in the cases of Cleve- 
land and Denver, which were similar to those at Savannah. 
At Pittsburgh the irregularities are so striking that I will 
present them. 

In February *the night winds and the gradients at the same 
times are as follows (the figures are percentages) :— 


WIND {* E SE s sw Ww NW CALM 
9 18 ° II 14 27 3 


7 
GRADIENT { 16 . 9 5 28 2 14 20 9 
SE s sw WwW NW N NE E _sINDEFINITE 


The day winds and gradients : — 


WIND : N NE E s WwW NW CALM 
7 6 6 17 17 29 ° 


9 
GRADIENT { 22 7 7 F * 7 9 15 7 
SE s sw W NW N NE E _ INDEFINITE 


In August ¢ the night winds and gradients are : — 


Was { N NE E SE s sw w NW CALM 
7 4 4 9 7 9 26 17 
° 4 7 20 15 6 21 


6 
GRADIENT 
SE s sw w NW N NE E INDEFINITE 


* The Februaries of 1877 and 1878. t The Augusts of 1878 and 1879. 
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The day wind and gradients : — 


NE E SE Ss Sw Ww NW CALM 


WIND = 
13 2 4 2 16 22 14 27 ° 


GRADIENT ‘ “4 4 4 7 18 18 7 9 16 
s 


s Sw Ww NW N NE E INDEFINITE 


The winds at Pittsburgh afford a good example of the confusion 
that seems inexplicable in the relations of the winds to the 
weather map gradients. The steadily prevailing northwest 
winds distinguish this from the other stations we have been 
considering, which are under diurnal control. Of the northwest 
winds in the above tables, about thirty-three per cent are on 
southeast gradients and about twenty-one per cent are on east 
gradients ; nearly one half of them occur on undefined gradients, 
and on northeast, north, northwest, and southwest gradients. 

It may be that the use of more extended observations than I 
have been able to give my attention to would give evidence of 
the definite principles governing these facts. At all events, 
this paper may serve as a hint about an interesting field for 
investigation, and may interest others in a more thorough study 
of the ground. 

I take pleasure in acknowledging my indebtedness to Prof. 
W. M. Davis, of Harvard University, for suggestions in 
connection with this work. 


CAMBRIDGE, MAss., May 1, 1894. 





CURRENT NOTES. 


Water Temperatures at Portland, Maine.— Observations have been 
made for nine years at Portland, Maine, of the temperature of the “ Sebago 
water,” which is the name giver to the aqueduct water supplied to that city. 
Sebago Lake is two hundred and sixty-seven feet above sea level and seven- 
teen miles from the city. It has about fifty square miles of surface, and also 
many large and small feeders. Observations were begun at the suggestion 
of Prof. T. C. Mendenhall, who received assistance from Prof. Edw. S. 
Morse. Much of their value is lost for want of similar observations at 
the lake. 

The following table shows the monthly means for nine years, ending Dec. 








Means for 
1893. * | 9 Years. 








January, ° 35.2 36.3 | 35-5 35.6 
February, . 34.2 . 34-8 | 34-5 | 34-7 2 | 34-7 
March, : .O | 34.1 O | 34.1 | 35-1 | 35-1 | 34.9 6 | 34.7 
April, ’ 0 | 35-1 .2 | 36.2 | 37.6 | 39.1 | 36.1 8 | 37.0 
May, . : 49.3 y 44-4 | 45.0 | 47.1 | 42.7 
June, . 4 | 54-7 | 59-6 | 55.6 | 57-4 | 59-4 | 53.8 
, 6 | 64.1 -3 | 65.5 | 63.5 | 67.1 | 64.4 

67.0 -I_ | 68.7 | 68.2 | 69.7 | 65.9 
62.7 4 | 64.7 | 66.1 | 64.0 | 60.9 
2 | 52:2 9 | 56.2 | 57.6 | 55.6 | 54.6 
November, 6 7 | 46.1 6 | 46.6 | 44.8 | 46.8 | 4 - 
39.9 





December, ‘ 37-6 | 41.6 | 37.3 | 40.3 | 39.0 
































Means, 48.3 | 46.9 | 49.9 | 48.3 | 48.8 | 49.5 | 47.4 








It will be noticed that the temperature increases in the following order : — 

February, March, January, April, December, May, November, October, 
June, September, July, August. 

June and October have changed places some years, and often the water 
has been colder in March than in February (while the air has been warmer). 
The observer, Mr. John M. Gould, remarks: “It is the last three days in 
March that carry that month into the second place on the list ; if March had 
only twenty-eight days it would stand first. All the other months remain 
constant.” 

The highest temperature was reached Aug. 3, 1887. The following table 
shows the yearly maximums : — 


20 
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No. of days at 
- or above 70°. 


1886. Aug. II. . , ° ; ‘ ‘ ° ‘ 70.6 4 
1887, “ 3° . ; ° ° , ‘ ° ; 73.0 5 
1888. “ 4- ° ‘ . ‘ ‘ ‘ : ‘ 69.0 ° 


6 3 
1889. ; “« 24 ‘ ‘ : , , , , ‘ 68.0 


“ 25 
1890. “ II. ° ° : ° : ° ° ; 70.2 
191. “ I5. . . ; ° ‘ : . ° 70.3 
1892. July 30. ° ° ° . ‘ ° : , 71.9 
1893. “* 323. ‘ ‘ ; ° ‘ , ‘ : 69.1 
1894. “ 31. ° ° ’ ‘ ‘ ‘ ‘ ‘ 71.1 


The yearly minimum readings are more uniform than the maximums. 
Every winter the temperature drops to a point, slightly varying each winter, 
where it remains absolutely stationary for a number of days, showing not 
the slightest effects from either a cold wave or a thaw; but the number of 
days of this mimimum period, as well as the dates of its beginning and 
ending, are the most capricious of all the facts observed. 


° 
1886. March2oto April 3 ‘ , ‘ ‘ : é 15 days 34-4 
1887. Feb. 27 “ “ 8 ; ‘ ‘ ‘ ‘ ‘ 4! 34.0 
1888. “ 28 “ March 24 ° ‘ , i , ‘ 26 34.0 
—— UCU CU 5 ‘ ‘ ‘ ‘ ‘ : II 34.1 
ll a i a 34.1 
1891 (Dec. 30, 1890) “ 13 ‘ P , « ‘ ‘ 74 34.8 
1892. Feb. 17 to Feb. 27 ; , ‘ , : ‘ II 34-2 
1893. “ 1 “ March 18 , ‘ ‘ , ‘ : 46 34-7 
1. * & * a 7 ‘ . . ‘ . F 10 34.8 


The mean temperature of the nine years is 48.567. Dividing each year 
into “ winter” and “ summer,” according as the day’s temperature is below 
or above this mean, we have 1,788 days of winter and 1,499 days of summer, 
or 198$ for mean winter and 166§ for mean summer. 

Monthly observations for two years, of the water in a “driven” well 
sixty feet in the rock near Portland, give a variation of only 2.6. The maxi- 
mum reading, 47.5, is made about Dec. 1, and the minimum, 44.9, about 
May I. 

“4 connection with the preceding, Mr. Gould also kindly transmits a 
transcript from the records of the Sebago Water Company, of Portland, Me., 
giving in detail the record made daily by J. W. Hinkley, gatekeeper for the 
company, showing the temperature of the lake water at or near its entrance 
into the aqueduct. As Mr. Hinkley’s observations are taken with the 
water thermometer and cage, formerly used by the Signal Service ob- 
servers and are taken with a thermometer, No. 679, whose corrections 
are accurately known, they should give us an excellent determination 
of water temperatures in this very interesting region; but, unfortunately, 
the thermometer is read only to within a whole degree F., and there is 
nothing to indicate whether the nearest whole degree is taken or the next 
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lower degree, in fact, the record bears internal evidence that one or two 
whole degrees may sometimes have been neglected and that many observa- 
tions have been interpolated. Under these circumstances, we confine our- 
selves to re-publishing only the monthly means. We have applied a cor- 
rection of —o.5° to the monthly means, in accordance with the correction card 
supplied with the thermometer, thereby reducing them to the Weather 
Bureau standard, but the individual highest and lowest readings are given 
without the correction. 








Month. | Mean Temp. of | Lowest Highest 
1894. Lake Water. | Record. Record. 





January....... , 34.5° 
February 34-5 
35-1 
37:3 
46.0 
55-6 
71.0 
74.8 
65.5 
56.2 








Nore. — Ice went out of the lake April 18. Lake froze over Dec. 30. 


The Climate of San Diego, California. —The accompanying account of 
the climate of San Diego appeared in the San Diego Daily Union of Feb. 
3, 1895, and was sent to this JOURNAL by Mr. W. L. Hearne, observer of 
the Weather Bureau in San Diego. The data were compiled from the 
official records of the Weather Bureau. 

The mean or normal temperature for January for the last twenty-two years 
has been fifty-seven degrees ; for February, 55; March, 57; April, 57; 
May, 62; June, 65; July, 68; August, 70; September, 68; October, 63; 
November, 57; December, 57. The warmest January was that of 1877, 
with an average of 57 degrees, the coldest that of 1892, with an average of 
50; the coldest February, in 1882, average 51 degrees, the warmest, in 1876, 
average 58; the warmest March, 1885, average 60 degrees, the coldest, 1880, 
average 52; the warmest April, 1885, average 62 degrees, the coldest, 
1872, average 56; the warmest May, 1885, average 63 degrees, the coldest, 
1875, average 60; the warmest June was in 1885, with an average of 67 
degrees, the coldest was in 1873, with an average of 63; the warmest July, 
1891, average 69 degrees, the coldest in 1880, average 63; the warmest 
August in 1885, with an average of 72, the coldest in 1880, with an average of 
66 degrees ; the warmest September in 1889, average 70 degrees, the coldest, 
1880, average 65 ; the warmest October in 1875, average 67, the coldest in 1886, 
average 60; the warmest November in 1890, average 64, the coldest, 1886, 
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average 56; the warmest December in 1890, average 61, the coldest, 
1891, average 52. The greatest precipitation of rain in any month duriag 
the twenty-two years was 7.71 inches in December, 1887. The greatest 
precipitation recorded in any twenty-four consecutive hours was 2.94 inches 
on Jan. 12 and 13, 1882. No ‘‘killing” frosts have ever occurred. The 
highest velocity of |the wind during any month was in April, 1877, when 
thirty-nine miles were recorded. 


A Summer Course in Meteorology at Harvard University. — During the 
coming summer a course in meteorology will be given at Harvard University, 
Cambridge, Mass., by Mr. Robert De C. Ward. The course will begin 
July 5, and last five weeks, and will be parallel to Geology 1, the elementary 
course in meteorology given in the academic year. The general plan of the 
course will follow that outlined by the Conference on Geography, published 
in the Report of the Committee on Secondary Schools. The following 
topics will be considered: General relations and phenomena of the atmos- 
phere ; temperature, pressure, winds, moisture, cyclones, thunderstorms, 
tornadoes, rainfall, weather, and climate. There will generally be five lec- 
tures a week, supplemented by laboratory work involving practical exercises 
in the use of ordinary meteorological instruments, construction and use of 
the daily weather map, forecasting weather changes, besides the study of a 
variety of maps, charts, diagrams, and photographs. Davis’ Elementary 
Meteorology will be used as a text-book. 

Women as well as men are admitted to this course. Students in the 
summer schools have the use of the College Library, and have access to the 
Museum of Comparative Zodlogy, the Peabody Museum, the Semitic Mu- 
seum, and the Mineralogical Museum. Board and lodging may be obtained 
in Cambridge during the summer vacation at a cost of from $5 to $10 per 
week. Students are advised to take their meals at the restaurant, provided by 
the committee in charge of the summer schools, in Foxcroft House, where 
food will be provided at cost. A list of lodging-houses will be issued about 
May 1, and will be sent on application. Rooms in Fay House, Radcliffe 
College, may be used during the day by women attending the summer 
school. 

The fee for the course in meteorology will be $20, and before entering the 
classes the students must pay their fees to the Bursar of Harvard Univer- 
sity, Cambridge, Mass., and register at the office of the clerk of the Summer 
School Committee. 

Application for further information regarding this course may be made to 
M. Chamberlain, Clerk of the Summer School Committee, Harvard Univer- 
sity, Cambridge, Mass. 7 


Royal Meteorological Society.— The usual monthly meeting of this 
society was held on Wednesday evening, Feb. 20, at the Institution of 
Civil Engineers, 25, Great George Street, S. W.; Mr. R. Inwards, F. R. A. 
S., President, in the chair. 

Mr. W. Marriott, gave an account of the thunderstorm and squall which 
burst over London so suddenly on the morning of Jan. 23. It appears that 
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this storm passed across England in a south-southeasterly direction at the 
rate of about forty-seven miles an hour, being over Northumberland at 4 
A. M., and reaching the English Channel by 11 A. M. Thunder was first 
heard in the vicinity of Leeds, and accompanied the storm in its progress 
across the country. One of the most remarkable features of the storm was 
the sudden increase in the force of the wind; for in London, it rose almost 
at one bound from nearly a calm to a velocity of thirty-six miles an hour. 
This sudden increase of wind caused considerable damage, and at 
Bramley, near Guildford, twenty-eight trees were blown down along a track 
1,860 yards in length. 

Mr. E. Mawley presented his Report on the Phenological Observations 
for 1894. Between the third week in March, and the third week in May, 
plants generally came into blossom in advance of their usual time, and 
towards the end of April the dates of first flowering differed but little from 
those recorded at the same period in the very forward spring of 1893. The 
cuckoo made its appearance even earlier than in the previous year. The 
year 1894 was a very productive one, and both the hay and corn crops 
proved unusually heavy, but much of the latter was harvested under very 
trying conditions as regards weather. The frosts of May 21 and 22 entirely 
destroyed the previous prospect of a glorious fruit season. Indeed, the 
only really good crop was that of pears, which were singularly abundant 
throughout nearly the whole of England. 

Mr. A. B. MacDowall read a paper on some gradual weather changes in 
certain months at Greenwich and Geneva. 
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THOMAS RUSSELL. Meteorology, Weather and Methods of Forecasting 
Description of Meteorological Instruments and River Flood Predictions 
in the United States. 8vo, Macmillan & Co., New York and London, 
1895. Pp. xxiii, 277, pl. 22 ; figures and charts. Price, $4.00. 


Mr. Thomas Russell, the author of the most recent work on meteorology, 
now a United States engineer, was formerly a professor in the Signal 
Service and Weather Bureau at Washington, and while there had charge of 
the cold wave forecasts, and afterwards of the river and flood service. His 
experience there made him the authority on river-flood predictions in the 
United States, so that we may accept with confidence what he has to tell us 
in the present volume on this, his favorite subject. The strong points of Mr. 
Russell’s book are the chapters on “ Weather Predictions,” on “ Rivers and 
Floods,” and on “ River-Stage Predictions,” which, together, take up over 
one third of the whole volume. 

As our author expressly states in his preface that “the main object of the 
book is to explain the use of the weather-map, where it can be of use, for 
the purpose of making predictions,” we do not feel at liberty to criticise as 
adversely as we otherwise should the opening chapters on “ The Air,” “ Tem- 
perature and Pressure ” ; ‘‘ Evaporation, Clouds, Rain, and Snow”; “ Winds, 
Thunderstorms, and Tornadoes,” and “ Optical Appearances.” The trouble 
with these chapters seems to us to be a lack of continuity and of logical se- 
quence in the treatment of the subject, and of adequate explanation in many 
cases. As an instance of the former failing we might note a consideration of 
the general circulation of the atmosphere in the first chapter, on “ The Air,” 
before temperature and pressure and the winds have been treated, and of 
the latter, the incomplete explanation of the sea-breeze, thunderstorms, and 
tornadoes. The chapter on “ Meteorological Instruments” is good, but we 
should have thought barographs and thermographs worthy of more than 
nine lines. On page 55, the expression, “the evolution of heat in forming 
dew retards the falling” of the temperature, might better have read 
the liberation of latent heat. The statement on page 88, that the rainfall at 
Cherrapunjee was nine hundred and five mches in one year, we do not 
believe can be a:thenticated. Nor do we agree with the author in his 
remark that “the fact that the motion of rotation in a tornado is contrary 
to the motion of the hands of a watch, and that the tornado moves from 
southwest to northeast has never been satisfactorily explained.” 

The chapter on “‘ Weather Predictions ” is the best in the book, and gives 
the most complete description of weather forecasting for the United States 
that we know of. It will be found very valuable to thorough students of the 
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subject. This chapter is illustrated by a series of twenty-two admirable 
charts, designed to afford a means of estimating the amount of rain to be 
expected for various districts of the United States with different positions 
of cyclonic and anticyclonic areas. There are four charts in each set. 
The first is the weather map for a particular date, with isobars in red and 
isotherms in blue; the isobars over thirty inches being in heavy red, and 
those below thirty inches in lighter red. The second chart of each series 
shows the area over which rain fell twenty-four hours previous to the hour 
of the weather map. The tuird and fourth charts show the rainfall twenty- 
four, and twenty-four to forty-eight hours, respectively, after the date of the 
weather map. In addition, the last three charts of each series show the 
average depth of rain and frequency of rain as observed in a number of cases 
in which the pressure conditions were as nearly as possible like those of the 
weather map shown in the first chart of each series. The depth of rainfall 
in parts of an inch, the number of times rain occurred in every ten cases, 
and the rainfall of less than 0.1 inch occurring five times or more out of 
every ten cases are also shown in red and blue lines. Mr. Russell says 
that the twenty-two cases here given ‘summarize all the conditions for 
which useful predictions of rain can be made over most parts of the United 
States where predictions of rain can at all be made with any approach to 
success.” The presentation of this subject is certainly an interesting one. 
The author has evidently spent much time and labor in preparing the charts, 
and a careful study of them will be useful to students of meteorology 
in general, but more especially to those who wish to learn forecasting 
thoroughly. 

In the chapters dealing with “ Rivers and Floods ” and “ River-Stage Pre- 
dictions,”’ our author is entirely at home, and this is certainly the most com- 
plete treatment that this subject has yet received in any work on meteorology 
The various kinds of floods and their causes ; the observation of the rise 
and velocity of rivers; the measurement of river discharge, etc., are care- 
fully considered. In connection with the effect of forests on floods, it is 
interesting to note what Mr. Russell says: “ Forests have no direct restrain- 
ing effect in diminishing the heights of floods. ... Forest growth over 
the drainage basin of a river diminishes the amount of silt carried to the 
streams, especially forest on hillsides... . In this way plant growths 
diminish the flood heights of a river by diminishing the amount of sediment 
thrown down in river beds in places where the current slackens. The 
gradual rise of the bottom of a river in this way, by slow sedimentation, may 
cause overflow of the banks finally, which otherwise would not have oc- 
curred.”” The methods of predicting river stages are fully described in the 
case of our principal rivers, and of the Seine. The rules and suggestions 
given are of value, coming from Mr. Russell, but they necessarily mean 
little to the average reader. One cannot but be impressed by the amount of 
labor that the author must have given to his subject, in calculating the fac- 
tors used in the various computations, and in arranging the tables. The 
latter are very complete, and several maps illustrate the text. The Mis- 
sissippi floods are considered last, and will be found most interesting by the 
majority of readers. 
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The feature of this book that will cause the most general comment is un- 
doubtedly the first paragraph, in which the author says: “The hopes that 
were once entertained that a precise knowledge of coming weather could be 
gained from the weather map has not been fully realized [there is a mis- 
print here; the word ofes should be hope}. Cases are comparatively rare 
where it can be of use in predicting the weather. There are not more than 
six to twelve occasions in the course of a year for any part of the country 
where successful predictions can be made, and for some places successful 
predictions are never possible.” We think this is a very unfortunate state- 
ment to place at the very beginning of a book on meteorology at the present 
day. The general public is still too ready to scoff at the official forecasts, 
and it is no uncommon occurrence, as everyone knows, to hear people say : 
“If you go just contrary to the forecast you will know the weather you are 
going to have.” That this hostile attitude of the public mind is changing 
for the better every year there is no doubt. The high percentages of veri- 
fication attained by the official forecasters, and the successful storm warn- 
ings for the Atlantic Coast and Great Lakes are every day contributing to 
this end. As soon as the public understands the true meaning of the fore- 
casts, and the difficulties that attend their making, it will be ready to give 
the Weather Bureau the credit that is its due in this matter. It is for the 
reason that such a statement as that above quoted from Mr. Russell’s preface 
is sure to give the rational education of public opinion in this regard a rude 
set-back, that this seems to us such an unfortunate remark. We do not for 
a moment mean to say that the forecasts are as good as we would like to 
have and hope to have, but we do believe that Mr. Russell’s statement is 
far too sweeping, and will furnish many persons with what they will in a cer- 
tain sense welcome as giving them confirmation of their views as to the un- 
reliability of the forecasts. 

From what has been said it will be seen that we consider Mr. Russell’s 
work weak in most of its earlier chapters, and strong in the last three. 
There is much in it that will be helpful to teacher and student, and the book 
should have a place in every scientific library that attempts to keep up with 
the times. The cuts, although few in number, are most of them very good. 
The plates at the end, already referred to, are admirable, but it is a great 
pity that they were wrongly numbered and have had to be renumbered. We 
note a few misprints: On page 108, line 19, “ slopping shore ” should read 
“ sloping shore.” On page 198, line 18, cy/one is an obvious misprint for 
cyclone. The price of the book is $4.00. 


BAUER’S PAPERS ON TERRESTRIAL MAGNETISM. 


Louis A. BAUER. Bettrdge zur Kenntniss des Wesens der Sécular-Varia- 
tion des Erdmagnetismus. Inaugural Dissertation, Universitat zu 
Berlin. 12mo, 56 pp. 4 figs. and charts, January, 1895. 

Louis A. BAvER. The Earliest [soclines and Observations of Magnetic 

Force. Bulletin, Philosophical Society of Washington, Vol. xii., pp. 

397-410, December, 1894. 
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These papers are the published product of Mr. Bauer’s studies on the 
Secular Variation of the Magnetic Field of the Earth, begun in the Office 
of the United States Coast and Geodetic Survey, and continued at Berlin, 
as the subject matter of his Thesis for the Degree Ph.D., conferred Jan. 
12, 1895. The ultimate object of this study is to discover the causes of the 
slow variation of the guasi-permanent field surrounding the Earth, whether 
terrestrial or cosmical, and the present instalment is but the first step that 
will lead to the solution of this great problem. In these papers is given the 
reduced data available at the several stations where the position of the free 
needle has been observed for any great length of time, notably London, 
Paris, Rome, the Azores, Rio de Janeiro, St. Helena, Ascension Island, and 
Cape Town; shorter intervals being worked up for six stations in North 
America, eight in Euro-Asia, and Melbourne. 

The discussion is necessarily confined to the variations of the direction 
angles, declination and inclination, because methods for measuring the force 
intensity were not discovered till 1720, and not generally used till nearly a 
century later. 

The object of the second paper is to show that William Whiston, M. A., 
Professor of Mathematics in the University of Cambridge, England, made 
in 1720 the first intensity observations. The title of Whiston’s Book is, 
“ The Longitude and Latitude found by the Inclinatory or Dipping Needle, 
etc., London, 1721. 8vo. xviii., 115; iv, 43 pp.; 2 maps and 3 cuts.” 

Mr. Bauer’s conclusion is to give Whiston the credit for the following 
three achievements : — 

1.: He drew the first isoclines and invented the name “ magnetic par- 
allels ” for them. 

2. He made, in 1720, the first relative intensity observations. 

3. He invented the vibration method for determining the dip. 

Mr. Bauer’s eagerness to find the earliest recorded intensity observa- 
tions indicates the fact that he perceives the difficulty of solving the main 
problem without the use of vector quantities. Declination and inclination 
give the direction at a station of a line of force, but unless its magnitude is 
also obtained, the solution must be incomplete, because different lines of 
force may slide over the same station at the same angle. The question 
really is, what is the locus on the earth of the same line of force as it inter- 
sects the spherical surface. Intensity has been observed only since about 
1790, so that there has less than a century elapsed since complete data 
began to be secured, and this interval is only one fifth of the probable 
period of secular variation. 

It is, however, very important to reduce to a uniform system all the ob- 
servations of direction, and this Mr. Bauer has done carefully and labo- 
riously. His plan is clear and simple. Around the centre of the needle at 
a station, he describes a sphere with radius 20c. m., and at the mean 
position D, I,, deduced from all the observations, lays a plane, tangent to 
the sphere through the north end of the axis of needle; on this plane the 
needle as it moves will trace a curve. The working formule for determiu- 
ing this curve are : — 
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P.== rcotl, 

P = P,- + tan (I-I,) 

a=r cos I, tan (D-D,) 
where y= 20 c. m., D,, D and I,, I are the mean place, and the position 
for date respectively, P the radius vector and a the amplitude from the pole. 
This origin is the point where the axis of the sphere cuts the tangent plane 
which is laid on at the angle I,. Other simple formulz occur for great 
amplitudes. 

The details of these curves are interesting. The movement is in the 
direction of the hands of a watch for the north end of the needle all over the 
earth. The curve is approximately closed in the period, but there are 
evidences of loops in it. There may be a single period (512 or 477 years) 
for the whole earth, but it is not known. Similar curves, called instantan- 
eous, are found by revolving the magnetic earth underneath a needle on 
given geographical parallels, + 40° and 0°, so that it shall pass over the 
earth eastward from Greenwich. Also, the needle is moved along the 
magnetic parallels for other curves. These curves are similar to those for 
individual stations, where the variation takes place in the long secular period. 

Mr. Bauer deserves much credit for the great labor expended, and for the 
truly scientific outlook he has given to the problem. A notable contribu- 
tion towards its solution is before us, and the incomplete stage of the work 
shows that we may soon expect other important advances along the lines 
briefly indicated in the unfinished chapters. The value of these contribu- 
tions assume new proportions in view of the recent rapid progress in 
cosmical physics. F. H. B. 





DURAND-GREVILLE’S THEORY OF HAIL. 


E. DURAND-GREVILLE. Théorie de la Gréle. Revue Scientifique; tome 
2, Nos. 8, 9, 15, and 21. 


In the above Review M. Durand-Gréville presents an interesting discus- 
sion of the origin of hail. He concludes that three conditions are neces- 
sary for the formation of hail : — 

1°, Clouds with water particles cooled below the freezing point fre- 
quently exist in the atmosphere, and always at the time of thunderstorms. 

2°. Clouds of ice may be, and must be, found at the time of thunder- 
storms in the near vicinity of clouds containing water particles cooled below 
the freezing point. 

3°. The necessary force for a rapid mixture by contact of these two 
kinds of clouds always exists at the moment of the breaking out of the thun- 
derstorm. 

The cause of mixture he believes to exist in gusts of wind which usually 
show themselves at the time of the thunder shower as a long line of squalls. 
He quotes a number of examples to prove the existence of such squalls, but 
says they only produce hail when the other conditions are favorable. These 
lines of squall are usually attended by simple showers, or generally thunder- 
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showers, but may be felt at any individual station merely as a gust of wind 
without other attendant phenomenon. They are usually connected with 
barometric minima. 

The writer next proceeds to show that water particles may exist sus- 
pended in the air at temperatures far below freezing, and gives numerous 
observations made in balloons to show that cumulus clouds are frequently 
encountered with their water particles in this condition. He considers the 
vertical height of the thunderstorm, the decrease of temperature with alti- 
tude during thunderstorms, and the position of the plane of freezing tem- 
perature, and concludes that the tops of the cumulus forming the thunder- 
shower may and frequently do penetrate above the plane of freezing 
temperature. 

The altitudes of the ice clouds, cirrus, and the so-called “false” cirrus 
are next considered. The cirrus are divided into upper cirrus and lower 
cirrus, or thunderstorm cirrus, and he thinks it is the latter which come in 
contact with the cumulus tops of the thunderstorm. He quotes the differ- 
ence found between the altitude of the “false” cirrus at Upsala and Blue 
Hill, and thinks perhaps different clouds were measured, but overlooks the 
more plausible supposition that the thunderstorms of Massachusetts are 
taller than those of Sweden. 

The formation of the anvil top of the thunder shower and the cirrus fringe 
are well described and illustrated. The first observation of this is attributed 
to Joseph Silbermann in 1864, but a full description of it is found in Espy’s 
Fourth Meteorological Report printed in 1857. 

Having shown that cirrus are found in contact with the top of thunder- 
shower cumulus which is cooled below the freezing point,and having shown 
that the particles of water thus cooled will be suddenly congealed if brought 
in contact with the ice particles of the cirrus, he believes that all the condi- 
tions are favorable for the production of hail, and only needs the squall of 
wind to produce the agitation and mixture of the two clouds. Since these 
three conditions are found in hail storms he concludes that this is the cause 
of the hail. 

An interesting discussion follows of the structure and method of formation 
of the hail stones which the author believes have a rapid rotary motion while 
forming. 

The author, no doubt, has much of truth in this theory, but many objec- 
tions might be urged against the details of the argument. One is that the 
squall of wind does not always accompany hail storms, and is certainly in 
many cases a secondary phenomenon. (See “ American Journal of Science,” 
Ser. 1, Vol. XXXIX., pp. 59-61.) ms S.C. 





Bibliographical Notes. 


MOORE’S METEOROLOGY. 


J. W. Moore, B. A., M. D., etc. Meteorology, Practical and Applied. 
London, F. J. Rebman, 1894. 8vo, 445 pages, 76 engravings and 
plates. Sanitary Series, No. 1. 


This is, in one respect, a remarkable book, although, considering the 
section treating of meteorology and disease as secondary, because of the 
author’s statement that his book is intended chiefly to convey a clear idea 
of the science of meteorology, it is inferior to Scott’s “ Elementary Meteoro- 
logy,” published in the International Science Series ; while, as a text-book of 
the science, it does not compare to Davis’s American “ Elementary Meteoro- 
logy,” and the description of methods and apparatus — to which considerable 
space is devoted by Dr. Moore — is much less complete and accurate than in 
another American work, viz., Waldo’s “ Modern Meteorology.” The dis- 
tinction first mentioned, however, lies in the apportionment of no less than 
four chapters to an admirable historical and descriptive account of the 
United States Weather Bureau, prepared by Prof. Harrington himself, 
while British meteorological institutions occupy but twelve pages. English 
writers have been accustomed to ignore what has been done outside of 
England, while such American writers as Abbe and Waldo have dwelt upon 
German work, but it is certainly novel for a foreign author to favor us in this 
way. It might be asked, however, since the book will hardly be read outside 
of Great Britain and her colonies, why two appendices should be devoted to a 
list of the stations of the United States Weather Bureau and a bibliography 
of the United States Meteorological Service since its establishment. (As 
the meteorological work of the Signal Service was not commenced until 
1870, the date 1861 on page 410 should probably be 1871.) 

The poorest chapter in the book is that on clouds. Instead of giving 
accurately the international cloud nomenclature, recommended for general 
use by the Munich Congress, Dr. Moore quotes Signor Mannucci’s report, 
in the publications of the Vatican Observatory, who “ practically accepts 
the classification proposed by Abercromby and Hildebrandsson.” The 
measures of heights and velocities made at Upsala in Sweden and at Blue 
Hill in this country are not stated, but the author is at least impartial in not 
mentioning the investigations of his countryman, the Rev. Clement Ley. 

Mr. Symons has pointed out, in his Magazine for December, a number 
of mistakes, but the following additional ones have been noticed: p. 46, 
C. H. Marvin should be C. F. Marvin; p. 134, note, Ascher (the Berlin 
publisher) should be spelt without the “c”; p. 270-1, Richards (the Faris 
mechanician) has no final “s”; p. 328, Neumann should be Neumayer; 
on p. 98, Quito is located in Mexico but, on p. 307, correctly described as 
the capital of Ecuador; on p. 238,no mention is made of Dr. Hellmann’s 
beautiful reproduction of Dr. Neuhauss’ photographs of snow crystals 
among the studies cited on this subject. 

This book can certainly be commended, both for the number of its illus- 
trations of instruments, and for the detailed index of subjects, places, and 
proper names at its close. A. L. R. 
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A REPRINT OF MAGNETIC CHARTS. 


NEUDRUCKE VON SCHRIFTEN UND KARTEN UEBER METEOROLOGIE UND 
ERDMAGNETISMUS. No. 4. Die dltesten Karten der Isogonen, Isok- 
linen, Isodynamen. 25 pages text and 7 heliotype charts. Berlin, 
A. Asher & Co., 1895. Price 5 marks. 


In the last of these Neudrucke just published, and the first one relating 
to terrestrial magnetism, Dr. Hellmann has reproduced in fac-simile some 
old and generally inaccessible magnetic charts, prefacing each with an an- 
notated description and historical sketch. They are arranged in chronolog- 
ical order, the first being E. Halley’s sea chart of the world, published in 
London in 1701, the original text, which was published separately, being 
also given in fac-simile. This chart, as its name indicates, was intended 
chiefly for sailor’s use, since the lines of equal variation of the compass are 
drawn only over the oceans. 

The next two charts are those of William Whiston, previously professor 
in the University of Cambridge, England, and who in 1721 published in 
London the first lines of equal magnetic inclination or dip. They were 
based mainly on his own observations in England and on the French coast. 
In 1768, J. C. Wilcke published in the memoirs of the Royal Academy of 
Stockholm a chart of lines of equal inclination for the globe, certain por- 
tions, such as Asia and North America, excepted. 

The first project of an isodynamic system arranged in zones, which was 
presented to the National Institute of France in 1804 by Alex. von Hum- 
boldt, is here reproduced. This chart was based on the decrease in inten- 
sity of magnetic forces observed in his American journey, commenced five 
years previous, and Humboldt regarded it as the most important result of 
his voyage. The first chart of isodynamic lines is due to C. Hansteen, who 
published in Christiania in 1825-6 two such charts, one with lines of equal 
horizontal intensity for a portion of northern Europe, and the other, on a 
smaller scale, with lines of equal total magnetic force for the whole globe 
between latitudes 45° N. and 50° S. These two charts complete the series, 
and like the foregoing are admirably reproduced. The text also, like all of 
Dr. Hellmann’s work, betokens the scholar, while the typography is all that 
can be desired, the volume being in form and style similar to the others of 
this series which have already been reviewed in the JOURNAL. A few copies 
may be purchased of A. L. Rotch, Readville, Mass., at the publisher’s price, 
viz., $1.25. A. LR. 





TITLES OF RECENT PUBLICATIONS. 


FURNISHED BY MR. OLIVER L. Fassic, LIBRARIAN, U. S. WEATHER BUREAU, 
WASHINGTON, D. C. 





(An asterisk [*] indicates that the publications thus designated have been received by the Editor of 
this JouRNAL.) 


ANDREE, S. A. Jakttagelser under en Ballongfird den 15 Fuli 1893. Bih. K. 
Svenska Vet.—- Akad. Handl., xix., Afd. II., No. 3. 8vo. Stockholm, 1894. 20 


pp. 3 pls. 
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Anpr&e S, A. Jakttagelser under en Ballongfird den 9 Augusti 1893. Bih. K. 
Svenska Vet.— Akad. Handl., xx. Afd. II., No. I. 36 pp. 6 pls. 

ANDREE,S. A. Jakttagelser under en Ballongfird den 26 Februari 1894. Bih K. 
Svenska Vet. - Akad. Handl., xx. Afd. II.,No. 4. 16 pp. 3 pls. 

ANDREE, S. A. Ueber die Kohlenseure der Atmosphere. Ofv. K. Vet.— Akad. 
Férh., Stockholm, 1894. No. 8. Pp. 355-372. 

*ARGENTINA. OFICINA METEOROLOGICO ANALES. Por sur Director Gualterio G. 
Davis. Tomo IX. Clima de Cérdoba. Primera Parte. Observaciones hecas 
en la Oficina Central. (1872-1892.) 4to. Buenos Aires, 1893. xii. 678 
pp. The same. Secunda Parte. Discussion de las observaciones hecas en la 
Oficina Central. 4to. Buenos Aires, 1894. 491 pp. 25 pls. 

BoMBAY. GOVERNMENT OBSERVATORY. Magnetical and Meteorological Observa- 
tions, 1893. Fol. Bombay, 1894. xv, 15 (12) pp. 

CANADA. METEOROLOGICAL SEKVICE (Toronto). Weather map showing the mean 
temperature and the difference from the mean average temperature, also total 
rainand snowfall for the month and depth of snow on the ground on the last day 
of Fanuary, 1895. Chart 13 x 27 inches. (n. p. n. d.) 

(First received at the office of the U. S. Weather Bureau.) 

FRANKLIN INSTITUTE, PHILADELPHIA. A communication to the Senate and House of 
Representatives of the State of Pennsylvania, from the Franklin Institute, setting 
Sorth the value of the State Weather Service and the importance of maintaining 
it by an adequate appropriation. (n.d.n.p.) 8vo. 6pp. 

*Hunt, HENRY A. An essay on southerly bursters. (Abercromby prize essay.) 
Reprint from Journal roy. soc. N. S. W., Sidney, xxviii., 1894. 48 pp. 4 pls. 

*INDIA. METEOROLOGICAL OFFICE. INDIAN METEOROLOGICAL MEMOIRS. VOL. V. 
Part IV. Containing the discussion of hourly observations made at Allahabad. 
Fol. Calcutta, 1894. pp. 187-226. 6 pls. 

*INDIA. METEOROLOGICAL OFFICE. INDIAN METEOROLOGICAL MEMOIRS. VOL. V. 
Part V. Containing the discussion of hourly observations made at Lucknow. Fol. 
Calcutta, 1894. Pp. 227-272. 6 pls. 

*INDIA. METEOROLOGICAL DEPARTMENT. Instructions to Observers. By J. Eliot, 
Meteorological Reporter to the Government of India. 8vo. Calcutta, 1894. 
103 pp. 3 pls. 

*Jamaica. Rainfall for the year 1893. Fol. (Kingston), 1894. 8 pp. 

Krerzer, H. F. Lightning Record. Containing numerous detailed reports of 
lightning strokes in the United States from 1891 to 1895, also compiled statis- 
tics of lightning damages from Fan. 1, 1883, to Fan. 1, 1888. Vol. I. 8vo. St. 
Louis, 1895. 106 pp. 

*MANILA. OBSERVATORIO METEOROLOGICO. Odservaciones verificadas durante el 
mes de Noviembre de 1893. Afio. xxix. Fol. Manila, 1894. 30 pp. 1 ch. 
*MANILA. OBSERVATORIO METEOROLOGICO. Observaciones verificadas durante el 
mes de Febrero de 1894. Ajio xxx. (Size changed from folio to quarto with the 

January, 1895, number). 4to. Manila, 1894. pp. 33-63. 5 ch. 

MEXICO. OBSERVATORIO METEOROLOGICO—MAGNETICO CENTRAL. Resumen del mes 
de Diciembre de 1894. (Contains annual summary.) 4to. Mexico, 1895. 9 pp. 

NAVAL OBSERVATORY. Annual report of the superintendent for the year 1893-94. 
4to. Pietermaritzburg, 1894. 44 pp. (Meteorological observations at the ob- 
servatory and subsidiary stations.) 

* NEw ENGLAND WEATHER SERVICE. Annual Summary for the year 1893. (Repr.) 
Annals Astron. Obs’y. Harvard Coll., Cambridge, 1894. xli., No. 11. Pp. 
33-61. 1 pl. 
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* OREGON STATE WEATHER SERVICE. Third biennial repori of the Oregon Weather 
Bureau, co-operating with the United States Department of Agriculture,Weather 
Bureau. B.S. Pague, Director. 1895. 8vo. Salem, 1894, 484 pp. 

PROCEEDINGS of the International Conference on Aerial Navigation held in Chicago, 
August 1, 2, 3, and 4, 1893. 8vo. New York, 1894. iv, 429 pp. I pl. and figs. 


METEOROLOGICAL CONTENTS, 


Anemometry. By S. P. Fergusson. Pp. 104-113. 

Systematic explorations of the upper air, with estimates of cost. By Mark 
W. Harrington. Pp. 349-354. 

Observations in balloons. By C.C. Coe. Pp. 354-359. 

Balloon meteorology. By Carl E. Myers. Pp. 359-361. 

Scientific results gained by balloons. By H. A. Hazen. Pp. 361-364. 

Explorations of the upper atmosphere. By N. de Fonvielle. Pp. 364-394. 

Ten miles above the earth. By H. A. Hazen. 394-396. 


Riposto. R. InstiTruTO NAvTICO. OSSERVATORIA METEOROLOGICO. Solletino 
mensile, Diciembre, 1894. Anno xx., fascicolo xii. Roy. 8vo. Riposto, 1894. 
4 Pp- 

*SouTH DAKoTA. STATE BOARD OF HEALTH. Biennial report for the ycars 1893- 
1894. 8vo. Sioux Falls, 1894. (Meteorology, July, 1893, September, 1894, pp, 
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